Abstract: Micro-topography and spatial variability of soil properties influence the environmental consequences of site-specific management. This study investigated the spatial structure of soil properties in relation to the micro-topography of an agricultural field in the Canadian Prairies. The geospatial sampling scheme had 178 soil cores to a depth of 120 cm. Soil texture and soil water content (SWC) at 0-120 cm, total nitrogen (TN), total carbon (TC), and soil organic carbon (SOC) at 0-15 cm were measured and spatially interpolated using semi-variograms calculated with GS+. The correlation of terrain attributes, calculated from digital elevation models, with soil properties was also assessed. Texture was strongly spatially dependent in the surface layers, and the significance of spatial dependency declined with depth. Spatial autocorrelation of sand content declined from 96% at the soil surface (0-15 cm) to 90% at 30-45 cm, 53% at 75-90 cm. SWC, TC, TN, and SOC were similarly auto-correlated. Elevation, relative slope position, and vertical distance to channel network influenced the distribution of texture and SWC based on analysis with partial least squares, though this relationship decreased with depth. Terrain attributes are correlated with the spatial variability of soil properties and should be considered in environmental analyses at the micro-scale.
Introduction
Soil properties vary spatially and temporally within a landscape and within the profile (Mulla and McBratney 2002) . Thus, properties determined for soil samples taken in close proximity are often highly correlated relative to samples taken further apart. This spatial variability of physical, chemical, and biological properties can affect the availability and mobility of plant nutrients and contaminants, leading to variability in crop yields (Shahandeh et al. 2011; Allaire et al. 2014; Liu et al. 2014) , and the distribution of contaminants across a landscape and within a profile (Wu et al. 2008; Dankoub et al. 2012; Glendell et al. 2014) . Hence, knowledge of the spatial structure facilitates interpolation of soil properties and processes in the context of sitespecific management. However, only a few studies have examined the spatial distribution of soil properties at the field level in the Canadian Prairies (hereafter referred to as Prairies) (Manning et al. 2001; Thibodeau et al. 2007 Thibodeau et al. , 2008 Whetter et al. 2008) .
Texture affects soil physical, chemical, biological properties, and processes thus playing an important role in crop growth and nutrient distribution. Texture influences soil physical properties such as bulk density, porosity, pore size distribution, and aggregate stability (Chaudhari et al. 2013; Ding et al. 2016; Mamedov et al. 2016; Wang et al. 2014) , which, in turn, impacts soil water and nutrient retention and movement (Mamedov et al. 2016; Safadoust et al. 2014) , root penetration (Tracy et al. 2013) , soil compaction (Newell-Price et al. 2013) , and shrinkage characteristics (Zolfaghari et al. 2015) . Texture also affects soil chemical processes such as nitrogen mineralization and subsequent leaching (Castellano et al. 2013) , denitrification (Jamali et al. 2016) , phosphorus accumulation and leaching (Suñer and Galantini 2015) , and contaminant distribution (Dousova et al. 2015) . Texture also influences the distribution of soil organic matter (Blanco-Moure et al. 2016) and soil microbial diversity (Chau et al. 2011) .
Texture often varies with horizon in Chernozemic soils of the Canadian Prairies (Pennock et al. 2011) . The spatial distribution of texture is often correlated with other soil properties and processes and has been assessed within the landscape in several studies (Iqbal et al. 2005; Shahandeh et al. 2011; Pongpattananurak et al. 2012) . However, the literature on the spatial variability of texture in the Prairie soils is limited to a few locations, while most of the studies conducted elsewhere have assessed the variability at the soil surface, without considering the variability in subsurface horizons, which affects water and nutrient movement (Cambardella et al. 1994; López-Granados et al. 2005; Thibodeau et al. 2008; Whetter et al. 2008) .
Landscape hydrology is a function of the terrain (Brown et al. 2004; Mehnatkesh et al. 2013; Umali et al. 2012) . In many cases, terrain attributes such as elevation, plan and profile curvatures, relative slope position influence soil properties and classification. Various studies have emphasized the importance of integrating terrain attributes with soil and crop variables when modelling yield and soil parameters (Beaudette et al. 2013; Brown et al. 2004; Norouzi et al. 2010; Zhang et al. 2012) . Analysis of terrain attributes and soil properties provides more insight into the spatial pattern of these parameters (Sumfleth and Duttmann 2008; Florinsky et al. 2002; Umali et al. 2012) . The spatial variability of texture and other soil properties at the field scale in relation to terrain attributes links the nature of the variability with water movement and nutrient dynamics within the soil. The objectives of this study were (1) to investigate the spatial structure of soil texture, soil water content (SWC), total and organic carbon, and total nitrogen in an agricultural field in the Prairies and (2) to assess the relative importance and correlation of terrain attributes with the horizontal and vertical distribution of these soil properties.
Materials and Methods

Site and soil description
The study site was located in a producer's field (49°55′57.06″N, 99°31′17.13″W) 10 km northwest of Carberry, MB, on the Assiniboine Delta Aquifer (unconfined deltaic sand and gravel aquifer), in the Upper Pine Creek Basin (Render 1988) . The mean annual temperature is 2.1°C, and the mean annual precipitation is 472 mm, and is classified as cool subhumid. Native vegetation in the aspen parkland is characterized by trembling aspen, oak groves, mixed tall shrubs, and intermittent fescue grasslands (Ecological Stratification Working Group 1995) .
The site is mapped as the Fairland series, an Orthic Black Chernozem (Udic Borolls) developed on lacustrine deposits (Haluschak and Podolsky 1999) . This is a medium-textured, well-drained soil, where the upper (0 to 75-90 cm) depth increment is classified as loamy sand, and the underlying profile (>90 cm) is sandy loam to loam. The site is located on the upper slope of a gently rolling landscape with (0-0.5% slope, N aspect).
The experimental field was 65 m × 55 m (0.36 ha) in size. Buckwheat, barley, and canola were grown at the site in the 3 yr prior to 2002, followed by a wheat-barley rotation starting in 2002.
Sample collection
A geostatistical sampling scheme ( Fig. 1 ) was designed to capture the short-scale spatial variability of soil properties in the field, while minimizing bias (Mulla and McBratney 2002) . The number of sampling points was determined (Zar 2010 ) from the sample variance of sand percentage at 0-10 and 60-90 cm depth that was measured in 2002 (Enns 2004) . A total of 178 soil samples were required to detect the variability at 1% difference with the power of test of 0.8. The soil sampling grid was then developed by iteration, with SAS version 9.3 (SAS Institute Inc. 2011) software, until the semivariogram represented all lag intervals, particularly at short distances. Intact soil cores were collected from 0 to 120 cm in 5 cm plastic sleeves with a Giddings hydraulic soil punch in May of 2013 over a period of 2 d.
Laboratory methods
Soil was subsampled from each core and analyses were conducted for samples from the following depths, 0-15, 15-30, 30-45, 45-60, 60-75, 75-90, 90-105 , and 105-120 cm. Soil water content was determined gravimetrically (Gardner 1986 ) for all subsamples before they were air-dried. Air-dried soil samples were passed through a rolling mill (<2 mm) prior to textural analysis. Bulk density was not determined due to logistical constraints. Particle size distribution was determined using the pipette method (Carter and Gregorich 2008) .
Randomly selected air-dried surface soil samples (0-15 cm) (n = 120) were ground with an 8000D dual high-energy shaker mill in preparation for chemical analysis. This sample size provided sufficient statistical power for statistical analyses of TN, TC, and SOC. Total nitrogen, TC, and SOC were analyzed by dry combustion with a Flash 2000 elemental analyzer (Thermo Fisher Scientific). Inorganic carbon was removed with 0.5 mL of 2 mol L −1 HCl prior to the determination of SOC, in samples placed on a hot plate at 80°C. The process was repeated until effervescence ceased (Tiessen and Moir 1993) .
Statistical analysis
Statistical parameters such as mean, standard deviation, coefficient of variation, and skewness were calculated with SAS version 9.3 (SAS Institute Inc. 2011) software. The corrected Akaike's information criterion (AIC) was used to identify the distribution with the best fit for soil variables (JMP 10, SAS Institute Inc. 2012) . Texture and SWC data were not normally distributed at 0.05 significant level (Kolmogorov-Smirnov normality test) and were transformed using the Johnson Sl transformations in JMP version 10 (SAS Institute Inc. 2012) software. Although the log-normal transformation is commonly used in the literature (Cambardella et al. 1994; Shahandeh et al. 2005) , this transform was not effective for soil texture and soil water in this study. Moulin et al. (2011 Moulin et al. ( , 2014 reported that continuous probability functions such as Johnson Sl, Johnson Su, normal quartile, and generalized log, effectively transformed data to a normal distribution compared with a log-normal transformation. In this study, the Johnson Sl transformation yielded normal distributions for sand, clay, silt contents, and SWC. Chemical variables showed less skewness and were normally distributed, thus were not transformed.
Geospatial analysis
Semivariograms were generated to estimate the spatial dependency of variables. In a semivariogram, the nugget value (Co) quantifies the spatial variability at distances closer than the minimum sample spacing, and sampling and assaying errors (Delbari et al. 2011 ). The parameter "C" represents the structural or spatial variability. The sill (Co + C) is the sum of the nugget and structural variability, which is the total variability. The variable is not spatially correlated beyond the range (López-Granados et al. 2005) . The ratio of C/(Co + C) represents the proportion of total variability explained by spatial autocorrelation. The residual sums of squares (RSS) were used to determine parameters for any given variogram model (Robertson 2008) . The model with the lowest RSS was selected as the best fit.
Kriging estimates spatial variables at unsampled locations from nearby values with an error variance which is the minimum possible of any linear estimation method (Davis 2002; Mulla and McBratney 2002) . Ordinary kriging was used to interpolate and to generate maps in this study. Geospatial analysis was performed with GS+ version 9 (Gamma Designs Software, LLC 2013).
Terrain analysis
Elevation data (relative altitude) were recorded with a total station (Sokkia SET) (accuracy ±2 mm with prism) on 20 June 2013 following seeding with a low disturbance seeder. Single frequency Trimble 4600LS GPS receivers were used to calibrate the total station prior to data collection. Ordinary kriging was used to calculate a 1 m gridded digital elevation model (DEM) from elevation data (63 points). The 1 m grid interval of the regular DEM was selected to characterize the micro-topographic variability of the field. Each terrain derivative grid consisted of 3584 cells with an interval of 1 m. Elevation was estimated with ordinary kriging at each of the 178 soil sampling points. Geographic information software (SAGA version 2.1.4; Conrad et al. 2015 ) was used to calculate terrain attributes including plan curvature (PlC), profile curvature (PrC) which are second derivatives of slope gradient or aspect (Greve et al. 2012) , relative slope position (RSP) and vertical distance to channel network (VDCN). Topographic convergence and divergence were calculated from PlC. Profile curvature reflects the rate of change in slope gradient and is generally positive in concave slopes and negative in convex slopes (Greve et al. 2012 ). The RSP is a combined complex terrain parameter which determines the relative slope positions in the landscape (Bock et al. 2007) .
Pairwise correlations between soil variables and elevation were determined with the PROC CORR in SAS (version 9.3, SAS Institute Inc. 2011) software. Elevation, PlC, and RSP data were transformed to a Johnson Sl distribution with JMP (version 10, SAS Institute Inc. 2012) software prior to correlation analysis, whereas PrC data were transformed to a Johnson Su distribution for statistical analysis.
Linear models were determined with partial least squares (PLS) (Brereton 2003) for the relationship among soil variables at different depths and terrain derivatives. This analysis allows the calculation of linear models with correlated independent variables (SAS Institute Inc. 2012; Hastie et al. 2009 ) such as clay content and organic matter. Untransformed data were scaled, centered and used for the PLS analysis in JMP (version 10, SAS Institute Inc. 2012) software. Even though we estimated the slope aspect with SAGA GIS, it was excluded from the analysis because using circular variables in linear correlation analysis was not recommended (Florinsky et al. 2002) . The other calculated terrain attributes were assessed with respect to sand, silt, and clay contents. Significant predictors were identified with PLS based on values of the variable importance in projection >0.8 (SAS Institute Inc. 2012). Predictive models were selected based on the minimum root mean PRESS value and lowest number of predictive variables, in repeated analyses with PLS.
Results and Discussion
In general, mean sand content slightly increased from surface to 45 cm and then decreased while mean clay and silt contents increased from 45 cm depth (Table 1) . Nikiema et al. (2013) reported similar variability of sand, silt, and clay contents with depth at this site. Sand deposited by aeolian processes at this site following glaciation a Number of soil samples analyzed was 178. (Pennock et al. 2011 ) likely contributed to the formation of a sandy A horizon at the study site (Haluschak and Podolsky 1999; Phillips and Lorz 2008) .
Statistical variability of soil texture
The mean and the variance of particle size varied with depth. The range between the minimum and maximum values also increased with depth. Skewness of texture data varied between −1 and +1 as sand (−0.8) and silt (1.1) were highly skewed at the 60-75 cm depth. Variability was highest in silt content at all depths when compared with sand and clay contents, based on analysis of each directly measured texture fraction. Untransformed data for surface sand content in this study were skewed and did not follow a normal distribution prior to transformation (Fig. 2a) . However, the Johnson Sl transformation (Fig. 2b) yielded a normal population, which fulfilled one of the basic assumptions of normality for geospatial analysis.
Most studies of spatial and statistical distributions for soil texture have focused on the A horizon (McLauchlan 2006; Plante et al. 2006; Delbari et al. 2011; Pongpattananurak et al. 2012 ). Higher coefficients of variation have been reported by Delbari et al. (2011) for a siltrich top soil. Iqbal et al. (2005) also reported increasing standard deviation values of textural fractions with soil depth in a silt-rich soil.
Spatial variability of soil texture
Texture varied considerably across the field (Figs. 3, 4) . At the soil surface, sand content was higher in the southern part of the field compared with the northern part and gradually decreased in the northeast direction. Surface elevation at the site decreased slightly from the southwest to the northeast. Soils high in clay content are often observed at the lower elevations in a landscape (Schimel et al. 1985; Bonifacio et al. 1997) due to the influence of erosion relative to other soil forming processes. A sand lens with >850 g kg −1 sand content extended from the south-eastern corner of the field at 30 cm depth ( Fig. 3b) and occupied a significant area of the southern part of the field at 60 cm depth (Fig. 3c ). In general, sand content declined below 90 cm depth (Fig. 3d) . Texture in the profile switches to loam at 90 cm depth from sandy loam at 75 cm and is characteristic of an Orthic Black Chermozem soil in the Fairland series (Haluschak and Podolsky 1999) . However, the intensely sampled grid in this study provides much more spatial and statistical detail for the study area, relative to the scale of the soil survey. The spatial pattern observed in the upper layers, disappeared below 90 cm and was less coherent with infrequent patches of high sand content. Randomly located thin sand lenses at various depths have been previously reported in the Prairies (Berthold et al. 2004; Cummings et al. 2012 ).
The horizontal spatial pattern of clay content was inversely related to that of sand (Fig. 4a) , which reflected the influence of terrain attributes and processes during pedogenesis. Below 90 cm depth, clay content increased throughout the field, and the autocorrelation of clay content (Table 2 ) was influenced by sand lenses. Although silt content had moderate to strong spatial dependence at all depths, the random variation of silt content in the field was greater than that of sand or clay. This trend was distinct below 75 cm (Table 2) , characteristic of the Fairland soil series developed on lacustrine deposits (Haluschak and Podolsky 1999) .
In general, the horizontal spatial structure of particle size from the surface up to 60 cm depth was better represented by the Gaussian model of the semivariogram ( Table 2 ). The spatial structure of all textural components below 60 cm was modeled with the exponential and spherical model semivariograms. The shift of the semivariogram model with depth from Gaussian to spherical indicates increasing short-scale variability with depth (Grote et al. 2010 ). The sharp decrease in "range" below 90 cm depth also indicates an increase in short-scale variability (López-Granados et al. 2005) . Iqbal et al. (2005) reported strong spatial autocorrelation of sand content at the (c) (d) Shahandeh et al. 2005) . Spatial distribution of texture varies with scale, and influences analyses carried out at the field level prior to the implementation of sitespecific recommendations. In general, sand, silt, and clay contents are horizontally correlated across the study site and this spatial variability is strong at shallow depths. However, short-scale spatial variability increases along the soil profile and it is distinct at depth below 105 cm as the range declined sharply in this depth interval. Textural components vary within the soil profile as sand content tends to decrease and clay content tends to increase with depth. This was attributed to aeolian deposition of sand over silt and clay deposits during the period following glaciation. Silt content varied considerably along the profile and across the field relative to sand and clay contents.
Spatial variability of SWC
Soil water content was nearly constant when averaged along the profile (Table 3A) . It did not change appreciably over time in mid-May, during the period when soil was sampled. No rainfall was recorded during this period.
Although texture is temporally invariant, SWC shows a high degree of temporal variation (Entin et al. 1999) . The SWC tended to increase with depth in previous spring soil sampling campaigns at this site (Enns 2004) similar to increasing clay content with depth that we observed in this study. Some studies have also reported increasing SWC in the soil profile (Qiu et al. 2001; McNamara et al. 2005 ). In our study, the soil was sampled in mid-May just after snow melt. As such, the soil profile was still relatively wet and soil water gradient has not been established. Averages of gravimetric SWC across the field (Fig. 5a) may not reflect the relationship with depth due to higher values deeper in the profile for the southeastern portion of the field (Fig. 5d) . However, volumetric water content should increase with depth as bulk density increased with depth in a previous study (Enns 2004) , and gravimetric water content was nearly constant with depth (Table 3A) . The standard deviation and coefficient of variation for SWC increased with soil depth, which reflects increased variability and trends within the soil profile similar to texture. Soil water content was horizontally autocorrelated from 0 to 60 cm, as indicated by the Gaussian semivariograms (Table 3B) . However, the spatial dependency declined below 75 cm depth. These observations are related to the spatial structure of texture where increased small-scale variability was observed at depth. The occurrence of patches of dry sand lenses at depth might be responsible for the increased short-scale variability of SWC with depth. McNamara et al. (2005) described the possibility of existence of dry soil pockets in deeper layers of semi-arid soils during the winter period.
The spatial distribution of SWC was similar to clay content. The northern part of the field showed high SWC values when compared with the southern part of the field. However, the distribution of SWC was more random at 90 cm than the clay content (Fig. 5d) .
Spatial variability of soil organic carbon and related properties at the surface The TN, TC, and SOC at the surface varied widely with maximum values fourfold greater than minimum values, though the magnitude of the variability was similar (Table 4A ). This is not surprising as the TN and SOC are associated with the soil organic matter. The TN, TC, and SOC were less skewed compared with surface texture and surface SWC. Nikiema et al. (2013) reported a topsoil (0-10 cm) average value of 22.7 g kg −1 for TC for soil sampled at this site at the start of the study in 2002. Total N, TC, and SOC were strongly horizontally correlated (Table 4B ). About 90% of the total variability of TN, TC, and SOC was modelled with Gaussian semivariograms. This is similar to the spatial structure of sand and SWC where over 90% of the total variation at the surface was represented by spatial variability. Levels of TN, SOC, and TC were low in the southern part of the field and high in the northern part (Fig. 6) , similar to the spatial distribution of clay. Total nitrogen, TC, and SOC were lower in areas with higher sand and lower clay contents, but higher in areas with higher clay and lower sand contents. The positive correlation between SOC and clay content may influence mineralization of N, reducing leached N in areas with high clay content (Shahandeh et al. 2005) . Cote et al. (2000) reported a similar relationship among clay content, soil nitrogen, and carbon mineralization. Gami et al. (2009) also reported positive correlation between SOC and TN with soil silt + clay content. In contrast, a few studies have failed to establish relationships between clay content and SOC (McLauchlan 2006) , or between the clay content and TN (Shahandeh et al. 2011) , which is attributed to temporal variability in soil organic pools.
Terrain attributes and soil properties
The topography of the site is gently undulating with a mean slope of 0.9°(1.6%) ( Table 5 ). The near zero mean plan and profile curvature indicates that the site is in a transit zone which is neither an accumulation or a dissipation zone (Florinsky et al. 2002) . Elevation, relative slope position, plan and profile curvature, and texture at the surface were highly correlated (>0.8), but moderately related (0.5-0.8) up to 60 cm depth (Table 6 ). These correlations were attributed to the redistribution of clay and silt particles to lower elevations due to water and tillage erosion similar to results reported by Moulin et al. (1994) , in addition to soil forming processes throughout the catena. Lieβ et al. (2012) and Cox et al. (2003) reported increasing sand content and decreasing clay content with elevation. A strong negative correlation between elevation and clay content was also reported by Famiglietti et al. (1998) , who reported that well-drained sandy soils were located in the crest and shoulder positions of an undulating landscape and poorly drained clayey soils were found in the toe-slope and valley positions.
Texture was correlated with surface curvature, though the relationships varied with depth. Sand content was positively correlated with PlC (p < 0.001) up to 60 cm depth and thereafter was not significantly related, whereas silt and clay contents were negatively correlated (p < 0.05) up to 60 cm depth (Table 6 ). Sand content was higher in convex locations or micro-hill, whereas silt and clay were higher in concave locations or microdepressions. The distribution of sand, silt, and clay at the surface is attributed to the combined effects of wind, water, and tillage erosion at the micro scale. These relationships were confirmed in analysis with PrC (Table 6 ). However, the relationship between particle size and PrC was significant up to 120 cm depth (p < 0.01) with higher correlation coefficients than with PlC. Sand content was positively correlated with RSP, whereas silt and clay contents were significantly negatively correlated with RSP (Table 6 ). These correlations were significant to 120 cm depth for sand and silt and to 90 cm depth for clay. Sand content was higher in the upslope positions, and lower relative to silt and clay in the downslope areas, further confirming the relationships attributed to erosion for PlC and PrC.
Surface curvature affected SWC similar to clay content. Soil water was significantly negatively correlated (p < 0.001 from surface to 60 cm depth and p < 0.05 from 60 to 75 cm depth) with elevation ( Table 6 ). The correlation was not significant below 75 cm depth. This was consistent with the results of Famiglietti et al. (1998) and Florinsky et al. (2002) . Water flows from upslope to downslope in a landscape which results in the establishment of a moisture gradient. Florinsky et al. (2002) also reported decreasing correlation coefficients between SWC and elevation with depth.
Total nitrogen, TC, and SOC were significantly negatively correlated with elevation (Table 6 ). Significant negative correlations with elevation indicate concentrations of TN, TC, and SOC increased from higher to lower elevations. Soil C and N accumulated in micro-depressions, and were reduced in micro-ridges, presumably due to 
RSP
Note: SOC, soil organic carbon; TC, total carbon; TN, total nitrogen; PrC, profile curvature; PlC, plan curvature; RSP, relative slope position. *, Significant p < 0.05; **, significant p < 0.01; ***, significant p < 0.001; NS, non-significant at p = 0.05. tillage, water, and wind erosion. Ritchie et al. (2007) and Moulin et al (1994) reported similar findings which they attributed to the redistribution due to erosion.
Sand, silt, and clay contents were correlated with elevation, RSP, and VDCN (Tables 6 and 7) at the surface, in analyses with PLS. At 0-15 cm, these three variables accounted for 82% of the variability observed in sand (Table 7) , 70% of the variability observed in silt, and 68% of the variability observed in clay (data not shown). However, the influence of these terrain attributes declined with depth as indicated by the decrease in the r 2 of the model for sand content and increased root mean PRESS values. Furthermore, it should be noted that elevation and VDCN are highly correlated (p < 0.001) and reflect similar relationships between texture and erosion. Slope and PrC also significantly influenced the distribution of soil texture below 60 cm, though the predictability of the model decreased with depth. Models for clay and silt contents, based on terrain attributes, reflected those for sand content. Deposition of sand by aeolian processes was a major pedological factor which influenced the formation of sand rich surface horizons in the Prairies (Pennock et al. 2011) . Topography influenced aeolian deposition and distribution of sand which originated from deltaic deposits in the Carberry area. The relationship of texture to terrain attributes at the surface reflects this process, but decreases at depths below 60 cm at this site.
Analyses based on the spatial relationship between terrain attributes and soil properties can be applied to develop sample grids which reduce resources required for soil sampling and laboratory analysis (Wu et al. 2009a (Wu et al. , 2009b . Furthermore, the spatial variability of soil properties and terrain attributes, integrated from highresolution elevation data and soil survey, could be used in the development of management zones for crop production (Bobryk et al. 2016) .
Conclusions
Texture and SWC were often non-normally distributed, and significantly autocorrelated in the horizontal direction for depth increments of 0-60 cm in this study site. This spatial autocorrelation decreased with depth as high random variability was observed below 90 cm. The impact of terrain on soil variables was significant. However, this influence declined as variability increased with depth. Our study showed the significance of statistical and micro spatial variability in a typical Canadian Prairie fields. Soil properties varied horizontally and vertically across the field and were correlated with terrain attributes.
Elevation, RSP, and VDCN were the most significant terrain attributes, and were related to the distribution of texture and SWC. Although elevation and VDCN are correlated, the analysis shows the relationship of both to soil properties. Partial least squares analysis facilitated the evaluation of correlated terrain attributes with soil properties, in contrast to multiple regression based on the assumption that predictors are independent. The relationship of soil properties to terrain attributes at the microscale is an important factor in the analysis of the spatial variability of texture and other properties. Our results provide insight, based on PLS, for future studies on topographic analyses and the relationship to soil texture and other soil properties which influence crop production and the environment.
